from both control and chronic alcoholic rats and were cultured for 28 days in the absence or presence of ethanol (25 mM). The main findings were: (a) ethanol-exposed astrocytes failed to develop processes or to acquire a filamentous if distribution pattern; (b) these cells showed less GFAP than astrocytes without alcohol;
introduction It has been demonstrated that ethanol is a potent teratogen in the human as well as in experimental animals (Streissguth and Martin, 1983 (Abel and Sokol, 1986; West, 1986; West et al., 1986; Stneissguth and Martin, 1983 et al., 1986 , 1987 Guerni et al., 1984) . In these animals we have demonstrated that, as in humans, there is a reduction in brain size as well as in neural development, as measured by a decrease in the activity ofseveral enzymes bound to neuronal, synaptosomal, and glial membranes (Guerni, 1987; Sanchis et al. , 1984) . These alterations suggest that ethanol has a direct toxic effect on development of the neural cells and/or in interneunonal connections.
On the basis ofthese studies, and since primary cultures of neural cells are a good tool for investigating glial cell differentiation and cell functions (Hansson, 1986; Hansson et al., 1985; Hertz et al., 1982) , we have analyzed the direct effect of ethanol on the different stages of astrocyte development in vitro. We have found that ethanol alters the synthesis of protein, DNA and RNA, and the
In several studies of adult liven, it has been reported that ethanol modifies the cytoskeletal elements of hepatocytes, including the intermediate filaments (IF) , which could be related to several important ethanol-induced alterations in these cells (Denk, 1987; French et al., 1987; Denk and Lackingen, 1986; Lieben, 1985) . Although the CNS is one ofthe most affected systems in both chronic alcoholism and FAS, little is known as yet of the effects of ethanol on the cytoskeleton of neural cells of adult animals on of developing cells (Hassler and Moran, 1986a, 1986b; Paula-Barbosa and Tavanes, 1985) . Glial IF are the most characteristic morphological feature of normal astrocytes both in vivo and in vitro, and in reactive astrocytic gliosis (Trimmer et al., 1982; Lazanides, 1980 Lazanides, , 1982 Sensenbnenncr et a!. , 1980) . Although their function is unknown, they appear to perform important structural functions (Trimmer et al., 1982; Lazanides, 1980 Lazanides, , 1982 . Glial fibnillary acidic protein (GFAP), the major component in glial IF (Newcombe et al., 1986; Chiu and Goldman, 1984; Chiu et al., 1981; Lazanides, 1980 Lazanides, , 1982 Bignami and DahI, 1977; Eng et al., 1971) , has been used as a specific marker for glial cells, particularly in development of astrocytes in vivo, as well as in primary cultures (Hansson et al., 1985; Trimmer et al., 1982; Sensenbnennen et al., 1980; Bock et al., 1977) . tuses were prepared from brain hemispheres as described (Hertz et al., 1984; Booher and Sensenbrenner, 1972 
Pee-embedding
Immunocytochemistny.
Astrocyte cytoskeletons were prepared and processed for electron microscopy as previously reported (Dc Mey et al., 1986; Geuens et al., 1986) 
Light Microscopy
In the four groups of cultures studied, the proportion of GFAPpositive cells ranged from 85-90%, indicating that almost all the cells in these cultures were astrocytes. Immunofluorescence images ofC astrocytes showed that in 1-day-old astrocytes fluorescence was restricted to a small area surrounding the nucleus, and that there were qualitative differences between 4-, 7-, and 14-day-old astrocytes in the stained distribution pattern of the cytoskeleton.
In 4and 7-day-old C cells the cytoskeleton showed a reticulan pattern, whereas in 14-and 21-day-old C cultures IF in most of the cells were surrounding the nucleus and arranged in parallel arrays, mainly in the processes ( Figure  3 ). 4 ).
Electron Microscopy: Qualitative Results
Astrocytes from 10-day-old C cultures showed the ultrastructune 7 ). In all the groups stud-DE PAZ, BAGUENA-CERVELLERA, MEGIAS, GUER.R1 in Figure  9 . In the first type ( Figure   9A ), the function rose from zero at the origin, with a strong peak at a distance below the mean interparticle distance (x = 1), followed by a minimum at about the mean interpanticle distance before damping out at unity. This type of graph is characteristic of the cluster distribution.
The distance along the axis between the first peak [maximum value of g(r)] and the mean intenparticle distance, and the sharpness ofthis peak, provide a measure ofthe extent ofcluster in the distribution. This type ofdistnibution was fousid in CA and PEAA astrocytes throughout the entire culture period, although the cluster character tended to diminish ( Figure  10) .
In the second type (Figure 9B) , the graph showed a relative lack (Renau-Piquenas et al., 1987b; Sanchis et al., 1986 Sanchis et al., , 1987 Guerni et al. , 1984) .
The latter alterations persist in the adult animal, indicating the irreversibility of brain injury (Guerni, 1987; Guenni et al., 1984) . and DIaz, 1982; Pnivat, 1978; Pnivat and Fulcrand, 1977 et al., 1982; Sensenbnennen et al., 1980; Lazanides, 1980 Lazanides, , 1982 et al., 1985; Hertz et al., 1982;  .( is also observed in astrocytes obtained from alcohol-exposed fetuses but cultured without alcohol in the medium (PEA cells), again strongly suggesting initial alcohol-induced damage to astrocyte precursor cells in vivo.
Hansson
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We have demonstrated, using scanning densitometry and C astrocytes, that there is a correlation between the morphological pattern of the cytoskeleton, described above, and the GFAP content per cell (MegIas et al., 1987) . Thus, the cells with a neticular pattern have less GFAP than those with a filamentous distribution of -:io#{149} IF. In fact, it has been qualitatively demonstrated that astroblasts show less IF than mature astrocytes (Trimmer et al., 1982) . On the other hand, scanning densitometry used to determine the GFAP content in the different groups ofcells included in the present work confirms the finding noted above that ethanol delays astrocyte differentiation and alters the astrocyte precursor stem cells. Moreover, the evolution ofthe GFAP content in C astrocytes agrees with results from immunoelectrophoresis and immunoradiometnic methods (Hanisson et al., 1985; Sensenbnennen et al., 1980; Bock et al., 1977) .
With the latter procedures, it has been shown that morphological differentiation ofastrocytes in vitro occurs in parallel with the biochemical development of GFAP. Also, the concentration of GFAP during ontogeny ofwhole rat forebrain, mouse brain, and primary astrocyte cultures shows a 14-day maximum which could correspond to the burst ofastroglial differentiation at the time of myelination (Sensenbnennen et al., 1980; Bock et al., 1977) . (Denk, 1987; French et al., 1987; Denk and Lackinger, 1986; Lieber, 1985) . Most of these studies were carried out on the livers of chronic alcoholic humans on experimental animals (French et al., 1987; Lieben, 1985 Although the function of glial filaments has not yet been determined, they appear to perform several structural functions (Trimmen et al., 1982; Lazanides, 1980 Lazanides, , 1982 
